Purpose Mild cognitive impairment (MCI) is a widespread phenomenon, especially affecting older individuals. We will analyze in how far MCI affects different facets of quality of life (QOL). Methods We used a sample of 903 participants (110 with MCI) from the fifth follow-up of the German Study on Ageing, Cognition, and Dementia in Primary Care Patients (AgeCoDe), a prospective longitudinal study, to analyze the effects of MCI on different facets of the WHOQOL-OLD. We controlled for age, gender, marital status, education, living situation, daily living skills, and the ability to walk, see, and hear. Results Univariate analyses showed that individuals with MCI exhibited lower QOL with regard to the facets autonomy; past, present, and future activities; social participation; and intimacy, but less fears related to death and dying. No significant difference was shown with regard to the facet sensory abilities. In multivariate analyses controlling for age, gender, marital status, education, living situation, daily living skills, and the ability to walk, see and hear, MCI-status was significantly associated with QOL in the facet autonomy. Conclusion Effects of MCI go beyond cognition and significantly impact the lives of those affected. Further research and practice will benefit from utilizing specific facets of QOL rather than a total score.
Introduction
Age-related cognitive decline is a widespread phenomenon, and there is an adjusted overall prevalence of 16% (effect size, 95% CI 12-20%), increasing with age, for mild cognitive impairment (MCI) [10] . In the light of demographic change and an aging society, cases of MCI are likely to rise. It is therefore crucial to understand the subjective implications of MCI for those affected. In the long run, this will help to develop suitable interventions and support.
Quality of life (QOL) is a key concept for understanding the subjective dimension of MCI and the impact it has on those affected. Most researchers agree on a multidimensional concept including physical, psychological, and social aspects as well as those related to daily life activities [6, 25] . In addition, over the lifespan, different aspects become relevant for QOL. Since our interest is in the oldest old, we assessed QOL with the WHOQOL-OLD, an instrument that specifically addresses domains that are relevant for individuals older than 60 years [4] : (1) sensory impairments and in how far they affect daily life as well as the ability to communicate with others (sensory abilities); (2) the amount of autonomy, independent decision taking, and ability to influence one's future (autonomy); (3) received appreciation and felt satisfaction for accomplishments in life as well as a general future outlook (past, present, and future activities); (4) level of activity and possibilities to participate (social participation); (5) fears and attitudes related to death and dying (death and dying); and (6) possibilities to experience love and affection (intimacy).
Research comparing quality of life (QOL) of individuals with and without MCI is rare and inconsistent. While some studies report no difference between the two groups [19, 23] , others report lower QOL for people diagnosed with MCI in almost all areas [28, 31] . Especially individuals who are aware of their MCI diagnosis seem to have reduced QOL independent of impairment severity [27] . Unfortunately, most studies refer to highly selective samples from memory clinics or nursing homes [19] or are focused on healthrelated QOL [14, 17, 22] . Only few studies are representative for the general population [15] . In addition, research on MCI is often centered around the idea of MCI as a risk factor for subsequent dementia, rather than on the direct effects of MCI on the individuals [2, 24, 34] .
Aims of the study
In this study, we want to investigate how MCI is associated with QOL. We will therefore (1) analyze the differences between individuals with and without MCI diagnosis in QOL in general and with regard to all six facets of QOL, i.e., sensory abilities; autonomy; past, present, and future activities; social participation; fears related to death and dying; and intimacy, and (2) analyze the predictive effect of MCI on the scores of QOL facets controlling for wellestablished variables like age and marital status.
Methods

Study design and sample
We used data derived from the German Study on Ageing, Cognition, and Dementia in Primary Care Patients (Age-CoDe), a prospective longitudinal study on the early detection of MCI and dementia in general practices that was conducted as a collaboration of six study centers-Hamburg, Bonn, Duesseldorf, Leipzig, Mannheim, Munich. Baseline assessment took place in 2003-2004, and participants were reassessed in follow-ups every 18 months until 2013. Participants were recruited based on the following inclusion criteria: (1) aged 75 and over, (2) absence of dementia, (3) at least one GP contact within the last year. Patients were excluded, if (4) GP consultations were home visits only, (5) patients lived in a nursing home, (6) GPs diagnosed a severe illness which they would deem fatal within 3 months, (7) patients were deaf, blind, lacked sufficient proficiency in the German language, or lacked the ability to provide informed consent.
Out of a randomly selected, cross-sectional sample of N = 6619 GP patients, a total of N = 3327 eligible persons consented to participate and were assessed at baseline through structured clinical interviews. The design of the study has been described in detail elsewhere [18] .
For the present study, we utilized data from Follow-up 5, collected between 10/2010 and 11/2012, as here QOL had been assessed. 2424 out of 3327 participants from baseline assessment were not part of Follow-up 5: 1985 related to study attrition mainly due to death, 182 related to unclear MCI-status, 254 related to incomplete WHOQOL measurement, and three related to missing control variables. The final sample comprised a total of 903 participants. A detailed depiction of the sample selection process is found in Fig. 1 .
Assessment
Structured clinical interviews were conducted by trained psychologists and physicians at participants' homes. The interviewers assessed control variables age, gender, marital status, education, and current living situation. Research shows that higher age, better education, being married, being male, and living with a partner can be associated with better quality of life [13, 21, 30] . In addition, the ability to hear, see and walk, and the ability to function in daily life-which are all positively associated with quality of life [7, 9, 16, 26 ]were assessed, and cognitive tests were conducted.
Cognitive assessment and MCI-status
MCI was diagnosed according to consensus criteria proposed by the International Working Group on Mild Cognitive Impairment [32] . They include the following: (1) absence of dementia according to DSM-IV or ICD-10, (2) evidence of cognitive decline: self-rating or informant report and impairment on objective cognitive tasks and/or evidence of decline over time on objective cognitive tasks, and (3) preserved baseline activities of daily living or only minimal impairment in complex instrumental functions. Dementia according to DSM-IV was excluded with structured interviews (SIDAM) [35] . The criterion of subjective cognitive complaints was fulfilled when the question on subjective memory impairment was positively answered. The SIDAM neuropsychological test battery was used to assess objective cognitive decline. Impairment in all four cognitive domains was defined as test performance of more than 1 SD below the main value for age-and education-specific norms. The functional activities were assessed with the SIDAM-ADL Scale. Participants with only one or no impairments in the 14 items of the SIDAM-ADL Scale were regarded as functionally unimpaired.
Quality of life
Quality of life was assessed using the WHOQOL-OLD, a test that had been specifically designed to assess the subjective QOL of adults over the age of 60. It includes six facets, with four items each: sensory abilities; autonomy; past, present, and future activities (assesses received appreciation and felt satisfaction for accomplishments in life as well as a general future outlook); social participation; fears related to death and dying; and intimacy [4, 5] . Items can be answered from 1, representing absolute disagreement, to 5, i.e., absolute agreement. During analysis inverse items were recorded before an average was calculated for every facet. This facet average was then multiplied by four, resulting in a score between four and 20 which was then transformed into a score between 0 and 100. Higher scores represent better QOL. 
Instrumental abilities
The ability to carry out instrumental activities of daily living (IADL) with the Lawton-and-Brody IADL scale [1] . The scale includes abilities related to using the telephone, shopping, food preparation, housekeeping, laundry, mode of transportation, and responsibility for own medications and finances.
Statistical analyses
Independent t tests and the Mann-Whitney test (death and dying) were used to analyze QOL differences between participants with and without MCI diagnosis. We used Stata 16 and multiple linear regressions to analyze the effect of MCI on QOL facets sensory abilities; autonomy; past, present, and future activities; social participation; and intimacy controlling for age, gender, marital status, living situation, ability to carry out instrumental activities of daily living (IADL), and the ability to walk, see and hear. Since there was right-censoring in the observed range of death and dying, we used Tobit regression for that specific facet. The Huber-White sandwich estimator [8] was applied in all regressions to obtain a robust variance estimate that adjusts for within-cluster correlation with regard to study centers.
Results
Descriptive characteristics
After excluding participants without scores on the main variables, our dataset contained 903 individuals with 603 females (66.8%) and 110 (12.2%) with MCI. Table 1 shows the general characteristics of the study population. The MCI group was slightly older, less likely to be married, slightly better educated, exhibited lower IADL scores and was more likely to have hearing problems and considerable or severe walking impairments. Table 2 shows comparisons between the MCI and the non-MCI groups for all six facets of QOL, indicating significant differences for all facets besides sensory abilities. While participants with MCI in general exhibited reduced QOL, they experienced less fears related to death and dying. Table 3 shows the regression analysis with MCI as a predictor of QOL facets and control variables. Results show that age, gender, marital status, and seeing and hearing abilities showed only little relevance for the prediction of QOL facets (besides the expectable prediction of sensory abilities). Education significantly predicted two facets (autonomy, past, present, and future activities), IADL three (autonomy, past, present, and future activities, social participation), and walking ability predicted three facets (sensory abilities, past, present, and future activities, social participation). MCI-status exhibited a significant, negative impact on autonomy. Since our predictors explain almost no variance in the outcome of death and dying, the effects of specific predictors will not be interpreted.
Group comparisons: quality of life in non-MCI vs. MCI
MCI as a predictor of QOL
Discussion
In our sample, 12.2% of participants were diagnosed with MCI. This relatively low percentage, compared to other current studies [10] , is a consequence of the application of strict criteria for MCI diagnosis [32] . Our univariate comparison of participants with and without MCI showed significant differences for QOL for the facets autonomy; past, present, and future activities; social participation; death and dying; and intimacy. With the exception of death and dying, the non-MCI group constantly showed higher levels of QOL. This could point to the fact that in case of MCI, existential fears are to some extent replaced by more proximate fears and worries related to daily living. The regression analysis, including multiple control variables, confirmed MCI diagnosis as a significant predictor of impaired QOL in the facet autonomy.
Our results from the univariate analysis show that MCI has a tendency to affect QOL in a negative way. This matches with other studies where MCI had a negative association with psychological QOL [20] and with QOL measured via subject and informant ratings [29] . The fact that there was no difference between MCI and non-MCI groups in terms of QOL with regard to sensory abilities is most likely a consequence of the strong impact of seeing and hearing abilities on this specific facet. In the multivariate analysis, we can find an impact of MCI-status on the facet autonomy. This makes sense, since the decline of cognitive abilities, and the fear of further deterioration, directly affects individuals' ability to live independently and take own decisions. In addition, some researchers emphasize the importance of promoting autonomy in order to increase health-related QOL of people with MCI [3] . Since MCI is far less severe than dementia and more heterogenic in outcome [32] , impairments are smaller and less visible to others. Therefore, MCI may not so much affect social interactions as reflected in the facets intimacy and social participation. The fact that MCI was not associated with social participation can be seen as a potential resource for those affected by MCI, since frequency of engagement in social activities is linked to a lower risk of progression from mild to severe forms of cognitive impairment [11] and social activities are connected to reduced dementia risk [12] .
Conclusion
Results indicate that, especially, autonomy is associated with MCI. In the light of high prevalence of MCI among older people, these results have implications for the management of MCI. For example, participants may benefit from interventions to boost autonomy and/or cope with decreasing independence. From a methodological point of view, our results show that in order to understand the burden of MCI on the older population, a differentiated approach, using specific facets rather than a total score, is highly recommendable.
From the perspective of research, interactions between facets are of great interest as well as the causal mechanisms and the neuronal, behavioral and psychological processes that link MCI to QOL. Furthermore, future research may differentiate between the effects of amnestic vs. non-amnestic MCI and take into account the severity of impairment. The Huber-White sandwich estimator (Froot 1989 ) was used in all regressions to obtain a robust variance estimate that adjusts for within-cluster correlation with regard to study centers Reduced QOL, especially over longer periods of time, may have multiple consequences for individuals on a psychological, physiological, behavioral, and social level. Clearly, more research is needed in this area.
Limitations
While this study has several advantages, e.g., the comprehensive assessment of MCI and QOL, and a well-described cohort of individuals in late life, our research also has certain limitations. For living situation and the ability to walk, see and hear, answering options were merged for analysis due to the small amount of participants attached to specific options. Further research would benefit from a more differentiated approach to MCI with regard to type, amnestic vs. non-amnestic, and degree of severity. In addition, our analysis is cross sectional which limits our ability to make a causal claim to the findings of the study.
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